Abstract. To take into account a moderate gas rarefaction without solving the Boltzmann kinetic equation the slip boundary conditions are applied to the hydrodynamic equations. Moreover, some phenomena, e.g. thermal creep, can be calculated applying the Navier-Stokes equation with the slip boundary conditions, while the non-slip conditions do not provide such phenomena. So, the slip coefficients have the same importance in continuum mechanics as the transport coefficients such as the viscosity, thermal conductivity, diffusion coefficient, etc. In the present work, some numerical results on the viscous, 
INTRODUCTION
To solve the Navier-Stokes equation, usually, the non-slip condition for the gas velocity on a solid surface is assumed. It is valid when the Knudsen number is so small that the gas rarefaction can be neglected. However, for moderately small Knudsen numbers the gas rarefaction can be taken into account via the velocity slip boundary conditions, which mean that the gas velocity is not equal to zero on a solid boundary but its tangential component depends on the velocity profile and temperature distribution. Moreover, in case of gaseous mixture the tangential velocity depends on the concentration distribution near the surface.
The slip conditions for a single gas were studied by many authors and, nowadays, there are many reliable results based on the model equations and on the exact Boltzmann equation. An extensive list of the articles about this topic with a critical analysis and recommended data on the viscous and thermal slip coefficients can be found in the review [1] . However, the slip boundary condition for a gaseous mixture are more complicated. First, the values of the slip coefficients for a gaseous mixture differ from those for a single gas. Second, a new slip coefficient arises in the case of gaseous mixture, namely, a concentration gradient near a solid surface causes a slip of the mixture along the surface. Such a phenomenon must be taken into account via the so-called diffusion slip coefficient.
In spite of the fact that in practice one deals with mixtures more often than with a single gas, there are very few works providing the slip coefficients for gaseous mixture. In the papers [2] [3] [4] [5] the slip coefficients for a mixture were obtained on the basis of the Boltzmann equation by the moment method. Some experimental data on the viscous slip coefficient for a mixture were reported in the work [6] . Recently, the diffusion slip coefficient has been calculated numerically applying the exact Boltzmann equation [7] .
The aim of the present work is to calculate numerically the viscous, thermal and diffusion slip coefficients for a binary gaseous mixture applying a model kinetic equation.
where u is the bulk (hydrodynamic) velocity of the mixture, µ is the stress viscosity, P is the local pressure, T is the local temperature, k is the Boltzmann constant, C is the molar concentration of the first species, m α is the molecular mass of species α, n α is its number density, and ρ α ¢ m α n α is the corresponding mass density. The dimensionless quantities σ P , σ T , and σ C are the viscous, thermal, and diffusion slip coefficients, respectively.
To calculate the slip coefficients we have to solve the kinetic equation in the Knudsen layer near the surface, which has the order of the mean free path . The asymptotic behavior of this solution far from the surface (x ) will give us the numerical values of the slip coefficients σ P , σ T , and σ C .
For further derivations it is convenient to introduce the following dimensionless quantities
where v α is the molecular velocity of species α, P 0 is the equilibrium pressure, T 0 is the equilibrium temperature of the gas. Note, the quantity 0 has the order of the mean free path. Consider a stationary flow of binary gaseous mixture in the semi-infinite space x 0 over an infinite solid surface fixed at x ¢ 0. The pressure P of the mixture is assumed to be constant over the whole space and equal to its equilibrium value P 0 . The bulk velocity of mixture u has only the y-coordinate, which linearly depends on the x-coordinate far from the surface, i.e.
where ξ u is a constant velocity gradient, which is assumed to be small, i.e. ξ u 1. Moreover, the temperature and concentration of the mixture have longitudinal small gradients ξ T and ξ C , respectively. In other words, the temperature and the concentration of the mixture linearly depend on the y-coordinate
So, under these conditions the bulk velocity of the mixture u y © x will have the following profile far from the surface
Such an asymptotic behavior of the bulk velocity provides the boundary condition (1).
In the present work, we are going to calculate the velocity profile u y © x , which will give us the slip coefficients σ P , σ T , and σ C .
The perturbation functions h α obey the two coupled Boltzmann equations [8] , which for the problem in question read
where
Here,L αβ is the linearized collision operator between species α and β . However, till now a numerical solution of the exact Boltzmann equation requires great numerical efforts, while the model equations also provide reliable results with essentially less computational efforts. In the present work we apply the McCormack model kinetic equation [9] , which gives the correct expressions of all transport coefficients, namely, viscosity, thermal conductivity, diffusion, and thermal diffusion. The collision operatorL αβ corresponding to the McCormack model has a very extensive form and is omitted here. Its expression can be found in our previous work [10] , where the same notations were used.
To calculate the velocity profile, first the velocities of every species are calculated via the perturbation functions
Then, the bulk velocity of the mixture u y is related to the velocity of species u αy (α
Since the equation (10) is linear, its solution h α can be split into three independent parts as
and, consequently, the bulk velocity u y also is decomposed into three independent parts as u y
With the help of Eq.(7) the slip coefficients can be expressed via the asymptotic behavior of the bulk velocities u 6 i7 y (i ¢ u, T, C) far from the surface, i.e.
So, every coefficient is calculated separately by solving Eq.(10) with the corresponding free term. These equations were solved by the discrete velocity method [11] with the relative numerical error less than 0.1% assuming the diffuse scattering of particles on the surface. The numerical accuracy was estimated by comparing the results for different grid parameters.
RESULTS
The numerical calculations were carried out for the following binary mixtures of nobles gases: Helium -Argon . Such combinations represent mixtures of gases having their molecular masses close to each other, e.g. Ne-Ar, and gases having quite different molecular masses, e.g. He-Xe. The molecular model of rigid sphere was assume. The molecular diameters d i of the gases were calculated via their relations to the stress viscosities obtained from the exact solution of the Boltzmann equation [12, 13] . The experimental data on the viscosity at the temperature T =300K tabulated in Ref. [14] were used.
To study the influence of the intermolecular interaction potential on the slip coefficients some calculations were carried out for the Lennard-Jones potential too. The parameters of this potential given in Table II of Ref. [4] were used in our calculations. 
Viscous slip coefficient
In Fig. 1 the viscous slip coefficient σ P is presented as a function of the molar concentration C. The results by Ivchenko et al. [4] for the mixture He-Ar and for both rigid sphere and Lennard-Jones potentials are also given in Fig. 1 for comparison. From these data we may conclude: (i) The viscous slip coefficient is not sensitive to the intermolecular interaction potential. Both Lennard-Jones and rigid sphere models provide the same value of σ P within the numerical accuracy. (ii) The results obtained by two quite different methods are in a good agreement with each other. A maximum relative difference between the present results and those given by Ivchenko et al. [4] does not exceed 1%. (iii) The largest deviation of the viscous slip coefficient σ P for a mixture from that for a single gas occurs at the concentration C equal to 0.75. (iv) For a fixed value of the concentration C the mixture He-Xe corresponding to the largest mass ratio considered here has the largest viscous slip coefficient.
So, for the binary mixtures considered here the viscous slip coefficients varies in the range 1 0183
1 4018, i.e. its variation is about 40%.
Thermal slip coefficient
The numerical data on the thermal slip coefficient σ T obtained in the present work are given in Fig. 2 . The results by Ivchenko et al. [4] for the mixture He-Ar are also given for comparison. In contrast to the viscous slip coefficient, the coefficient σ T is very sensitive to the method of solution and to the intermolecular interaction potential. From Fig.  2 one can see that the difference between the present results and those by Ivchenko et al. [4] is about 5%. Comparing the results for the mixture He-Ar obtained by the same method but for the different intermolecular potentials it can be seen that the dependence of the thermal slip coefficient σ T on the molar concentration C is quite different, i.e. for the rigid sphere model the coefficient σ T has a minimum at about C ¢ 0 5, while for the Lennard-Jones potential it is practically constant.
Diffusion slip coefficient
The numerical results on the diffusion slip coefficient σ C are shown in Fig. 3 . The data by Ivchenko et al. [4] for the mixture He-Ar and for both rigid sphere and Lennard-Jones potentials are also presented in the same figure for comparison. From these data one can see that: (i) The diffusion slip coefficient is a monotonic function of the molar [4] does not exceed 2%. (iv) However, the diffusion slip coefficient σ C is sensitive to the intermolecular potential. For the molar concentration C equal to 0.995 the difference between the value of σ C for the Lennard-Jones potential and that for the rigid spheres reaches 30%.
To perform a comparison of our results with those obtained by Takata [7] from the exact Boltzmann equation some calculations were carried out for hypothetic gases with molecular diameter ratio Table 1 where the results of the work [7] are given in our notations. An analysis of these data showed that the difference between our results based on the McCormack model equation and the results based on the exact Boltzmann equation does not exceed 5%. So, the McCormack model equation provide reliable results and, at the same time, it requires significantly less computational efforts. 
